Device-to-device (D2D) communications achieve a considerable proximate gain by means of single hop, which can improve the link spectrum efficiency of cellular networks by reusing the shortage licensed spectrum. However, co-channel interference will become a serious challenge that will influence the performance of both D2D and cellular links if it cannot be processed appropriately. The existing solutions are limited to single radio access technology (RAT), and they all involve tradeoffs between the available terminal density and the link spectrum efficiency. In this paper, we propose the offloading scheme of D2D communications on multi-RATs, which can achieve high link spectrum efficiency without sacrificing the available terminal density. The multi-RATs offloading scheme will achieve maximum link spectrum efficiency with the retention probability as a parameter that is formulated for a non-convex function. Considering the main factor of different scenarios that refer to high and sparse available terminal densities, we propose the dynamic adjustment offloading algorithm and the sparse-density optimization offloading algorithm to solve the nonconvex problem. In addition, because we use the closed form of the stochastic geometry, the optimum offloading algorithms possess predictable features that do not break the established D2D links when a new link is applied. Finally, the simulation results show that the performance of the coverage probability and link spectrum efficiency is both greatly improved compared with the traditional D2D communications without exploiting the offloading scheme. More significantly, the spectrum efficiency of cellular links is also improved effectively due to the offloading effect.
I. INTRODUCTION
With the popularity of smart terminals, the growth of multimedia data is explosive and beyond belief, which brings an aggravated burden to wireless communication networks, especially cellular mobile networks. Naturally, the spectrum scarcity implies that these surplus data are difficult to absorb; thus, researchers are exploring new potential spectra to solve the data emergence problem [1] . New techniques enhancing the link spectrum efficiency, such as D2D communications, have also been proposed.
Because it establishes the link between two peer terminals in a one-hop fashion, the D2D communication technique has a considerable proximate gain that involves a high coverage probability, high link spectrum efficiency, lower transmission delay, and lower energy consumption [2] , [3] . To introduce the proximate gain in cellular systems, the 3GPP (3rd-Generation Partnership Project) organization has defined the corresponding specifications in [4] and [5] . Although D2D communications can create the many advantages listed above, the resulting co-channel interference is a serious challenge. In particular, in reused mode (where the cellular links and D2D links share the same channels for enhancing the link spectrum efficiency), co-channel interference can markedly reduce the cellular performance. Thus, how to abate the co-channel interference is a serious problem in heterogeneous networks of D2D and cellular links.
Generally, research into anti-interference techniques in D2D communications with cellular network assistance revolves around practical network parameters, such as the transmission power, terminal density, and signal fading distance. The authors in [6] achieved D2D communications in a cellular network by means of power control, and they improved the fairness of the resource scheduling. In [7] , Baniasadi et al. exploited game theory to negotiate the transmission power of co-channel links, which can reduce the co-channel interference effectively and make the game optimal. Other game approaches have also been investigated to improve the performance of the D2D communications that underlie cellular networks with uplink (UL) resource sharing, as in [8] , who considered the channels to be bidders competing for packages of D2D pairs and the corresponding transmission power. Moreover, [9] addressed the uncoordinated interference problem among multiple cells using a game-theoretic approach in which each cell was defined with a different priority and the optimum available transmission power within different cells was selected to cause the most reduced co-channel interference.
Some studies using the stochastic geometry framework have been extended to the hybrid network of D2D and cellular communications. This work introduced the concept of terminal density, and the co-channel interference was aggravated as the density of the participating terminals increased in transmissions. In [10] , Andrews et al. proved that the performance of cellular systems can be analyzed by using a stochastic geometry framework and that this analysis approach can explain the system performance more strictly. If stochastic geometry is utilized, the hybrid network performance referring to D2D and cellular links is more tractable. In [11] , the authors discussed the distribution of transmission power with ideal power control in D2D networks; an assumption was used (the D2D receiver has an established link only with the nearest D2D transmitter) that was equivalent to a thin communication terminal density. Reference [12] analyzed the problem of how to maximize the D2D achievable transmission capacity in heterogeneous networks; this work tried to use a multi-band to set up the D2D links when the terminal density was determined. The density that had thinned due to D2D-pairing was also discussed, and the retention probability was introduced to depict the reduced path-loss.
Due to the fading characteristic of a communication channel, the link distance plays a crucial role in co-channel interference. The authors proposed a power control scheme based on distance in [14] , and the co-channel interference can be reduced effectively by maintaining a sufficient distance between the D2D transmitter and the BS (Base Station). An approach based on D2D pairs was discussed in [15] , and the pair criterion considered the link distances of D2D communications to be bounded in a small range. The feasible D2D communication distance was given in [16] , which explained the closed-form of the D2D link distance in the dedicated mode, and the distance would increase as the aggravation of the base station load increased.
Although these anti-interference solutions have reduced the co-channel interference, the network has been forced to pay a price in terms of the density of the available links or the link spectrum efficiency. In other words, based on a single RAT (Radio Access Technology), the link spectrum efficiency, available link density and reduced co-channel interference are mutually exclusive [17] . To solve the inherent defects of cellular network-assisted D2D communications, we consider the offloading scheme based on multi-RATs. Multi-RATs imply that the smart terminals are integrated with multiple RATs, such as WiFi, Bluetooth, and LTE. This integration leads to more spectrum (licensed and unlicensed spectrum), more channels, and more power in D2D communications. Thus, the co-channel interference can be reduced among different RATs through an offloading scheme, and the available density of the D2D links is not impacted. In fact, the link spectrum efficiency is also enhanced.
With regard to offloading, the D2D links can offload the traffic from the BS, which is used to alleviate the load of the BS [18] - [21] . Reference [18] established D2D communications between relay nodes to reduce the BS traffic load, and the main idea was to utilize D2D communications to assist some UEs (User Equipments) to access SBSs (Small Base Stations). The paper [19] discussed a solution using a cache file to solve the traffic load problem, which was expected to reduce the BS load by paying a minimum energy price, and [20] investigated the network offloading capability of D2D communications when combined with content caching. The authors in [21] introduced the availability of digital files as a novel metric to implement the offloading of the BS's social traffic in cellular downlink time slots. In contrast to the previous research, we pay more attention to offloading among different RATs in the D2D links integrated with multiple RATs. More metrics are compared in [22] , which discussed a system with multiple RATs in which a ''Float Band D2D'' framework was proposed and tried to establish multiple mode selections without considering the offloading effect. Our previous work in [23] is part of an analysis of the dedicated mode of the licensed spectrum RAT, where we provide some closed expressions about the typical RAT with an unlicensed spectrum using stochastic geometry.
In this paper, we propose an offloading scheme for multiRATs D2D communications in which the D2D terminals are integrated with multiple RATs. The offloading of multiRATs D2D communications can achieve high density, high link spectrum efficiency and lower co-channel interference at the same time. To quantify the analysis, the retention probability is introduced. Based on the stochastic geometry framework, the optimum offloading scheme is designed to satisfy the maximum-link-spectrum-efficiency problem that is formulated as a non-convex function. Considering the sparse and high-density cases, the non-convex function is transformed into a convex function restrained by a series of typical constraints. Specifically, the co-channel interference can be alleviated with larger link spacing when the terminal density is sparse, as the co-channel interference has less of an influence on the link spectrum efficiency. Finally, our results confirm that the performance of the system, including its coverage probability and link spectrum efficiency, is improved greatly.
The remainder of this paper is organized as follows. We present the system model in Section II. In Section III, the offloading scheme is described and concrete algorithms are given. Following these descriptive sections, the simulation and numerical results are provided in Section IV. Finally, the conclusions are presented in Section V.
II. SYSTEM MODEL
In this section, the multi-RATs D2D communication model is established and the metrics used in this paper are depicted. As shown in Fig. 1 , in the hybrid network of cellular and D2D communications, the network structure exploits the traditional hexagon, and the communication interfaces of each smart terminal refer to unlicensed and licensed RATs. Naturally, we consider the D2D links established among varieties of RATs, however, only one RAT is selected in any D2D link at the same time. To the licensed RAT, we refer in particular to the cellular communication spectrum in the reused mode (D2D and cellular links are nonorthogonal with respect to occupying the communication spectrum). To facilitate the discussion, some basic network parameters are given. According to the network model, M types of RATs are assumed, and cellular and D2D UEs (User Equipments) follow the two independent homogeneous Poisson point process (HPPP). The BS's HPPP is denoted as B with density λ b . Assuming that only one cellular UE accesses the BS at a time, the HPPP of the cellular UEs is thinned for C with density λ b . A typical RAT enters a special fading environment. Thus, each D2D HPPP with a typical RAT is denoted as i,D with density λ i,d (where i represents a typical RAT). Because every D2D UE integrates with the same quantity of RATs (λ i,d = λ d ), the i may be omitted if there will be no confusion, and different situations can be discussed in further work. Remarking on the RAT with a licensed spectrum in D2D links, we consider the occupation of the resource of a cellular uplink [24] . Note that the cellular links are assumed to be such that only one cellular link accesses the nearest BS at any given time, thus, the density of the cellular links is thinned for λ b .
A. CHANNEL MODEL
In the multi-RATs D2D communications, we assume that all of the links follow independent Rayleigh fading with unit mean [25] . For large-scale fading, the standard power attenuation function D(r) = r −α is employed, where r is the distance from the transmitter to the receiver, and α is the path loss exponent. Considering the limited transmission ranges of different RATs, the D2D link distance probability density function (pdf) is given as
where R max,i denotes the maximum transmission distance of corresponding RAT i.
B. TRANSMISSION POWER
Different RATs are designed to guarantee the corresponding network performance, and it is very hard to uniformly control several branches of transmission power. Thus, if the transmission power (such as Wi-Fi or Bluetooth) is randomly changed in unlicensed spectrums, this change may generate a serious hidden nodes problem. In the interest of simplicity, this paper assumes a constant transmission power in an unlicensed spectrum. However, in a licensed spectrum, the transmission power must be adjusted to lower the co-channel interference and reduce the energy consumption. Based on the channel inversion rule, it does not emphasize a concrete power controlling protocol. A rough expression is given as
where P D is the power constraint of the D2D terminal in licensed spectrums and ρ is the power adjustment factor [26] .
C. COVERAGE PROBABILITY
The coverage probability is the complementary cumulative distribution function (CCDF) of the SINR beyond the threshold constraint, which emphasizes the close connection between the system parameters (e.g., the transmission power, link distance, terminal density, channel fading). Without loss of generality, the SINR at the receiver is expressed as
where P 0 is the power of the desired transmitter and H 0 is the channel gain of the exponential distribution with unit mean. In addition, r is the distance from the desired transmitter to the receiver, r −α denotes the path loss, N 0 (0, σ 2 ) is the VOLUME 5, 2017
thermal noise, and I represents the co-channel interference. Lastly, ρ 0 = 1 in the unlicensed spectrum RAT. For any RAT i, the general expression of the coverage probability is written as (4) where β is the communication threshold and
is the Laplace transform of random variable I. Furthermore, we focus on analyzing the performance of the typical RAT link, which is either a D2D or cellular link depending on the interference I in the given context.
According to Shannon's capacity theory, the ergodic link spectrum efficiency of the type of RAT is defined as η = E[log(1 + SINR)]. For a positive random variable X, we have [10] . Therefore, a general result of a typical RAT i is given as
where η i is the link spectrum efficiency of typical RAT i. In previous work [23] , the coverage probability of the unlicensed spectrum RAT was derived for
where
is the Laplace transformation of I i,D when the cooperation factor is 1 [23] . P i,D is the transmission power of typical RAT i. According to the probability generating functional (PGFL) [10] , [15] of the PPP, for some function f(x) we have
, where θ is the retention probability.
For the coverage probability of the licensed spectrum RAT, its co-channel interference needs to be reformulated as
are the co-channel interferences that arise from other D2D and cellular links, respectively, and H j,D and H j,C are the small-scale fading of the corresponding co-channel links.
Thus, the coverage probability of D2D links with the licensed spectrum can be expressed as
and
In the above equations, θ L denotes the retention probability of the licensed spectrum RAT at the current time. P C and P D are the transmission powers of the D2D and cellular links, respectively. Similarly, for the cellular links in the reused mode, the cochannel interference is given by
Thus, the coverage probability of the cellular links is
The course of this proof is analogous to the coverage probability of the D2D links with the licensed spectrum. Intuitively, the co-channel interference is impacted by the retention probability: growing numbers of D2D links access the channel as the retention probability increases, which leads to a decrease in the link spectrum efficiency or SINR. When the retention probability is sparse, the link quality will be enhanced. In addition, a sparse spatial distribution and less frequently accessed links both play a role in resisting the co-channel interference at this time. Thus, multi-RATs can afford the communication link density as a group, and this group can achieve a D2D communication mode with a high link spectrum efficiency while not sacrificing the communication density.
III. THE MULTI-RATs OFFLOADING SCHEME
In multi-RATs mode, the offloading scheme can achieve a higher spectrum efficiency while maintaining stable D2D access and lower co-channel interference by moving parts of the traffic from one RAT link to another one.
We consider that each D2D UE integrates with multiple RATs, and there are multiple pairs of D2D links in each RAT. Thus, it is an NP problem to obtain an optimal offloading by appending a new D2D link under the offloading scheme. Thus, we exploit a tree search structure to weaken the NP problem. Concretely, as shown in Fig. 2 , when a new D2D link is established, the BS accepts the request of the D2D link. To select the most suitable RAT for the D2D link, the BS executes two search processes. Part 1 shows that the BS calculates the link spectrum efficiency of each D2D link with a typical RAT if the new D2D link is constructed, which is used for protecting the QoS of the D2D links. In part 2, after traversing all of the RATs, the BS decides the optimal RAT assigned to the new D2D link. Although the tree search structure provides a simplified design to the offloading scheme, it retains the tedious verification to guarantee the QoS of each D2D link. In fact, the verification itself considers the predictive influence before increasing a new D2D link. According to the previous analysis of the performance, the adjustment of the terminals' density for participating in D2D communications can determine the link spectrum efficiency and reflect the influence of interference by the coverage probability. Thus, we introduce the retention probability used to thin the density in the PPP model.
Although the retention probability of stochastic geometry contributes to the thin terminal density of the typical RAT, it sacrifices the spectrum reuse to protect high link spectrum efficiency. Using the vector θ (0 <| θ |≤ 1), D is converted to θ D with the terminal density θ λ d . θ (θ 0 , θ 1 , · · ·, θ M ) is a vector that gives the retention probability of each RAT. To obtain the maximum sum link spectrum efficiency by formulating the superiority of the offloading scheme, the object function is as follows:
In the above equation, η i (θ i λ d ) has been derived in Eq. 5, and θ i λ d indicates the situation where the density of typical RAT i is thinned through the retention probability. P max i denotes the constraint power of the RAT-specific i. If the power control is not employed, P i = P max i , or else P i < P max i . x i is the RAT selection such that x i = 1 if RAT i is selected and x i = 0 if RAT i is not selected. Constraint (14d) indicates that one D2D link can only use one RAT at most. Constraint (14e) guarantees a typical RAT link spectrum efficiency greater than log(1 + β). In addition, constraint (14f) provides the validation that limits the interference of the co-channel to the accessed link from a statical perspective, and constraint (14g) demonstrates the limit of sum density.
According to the above constraints, any requirements for the D2D mode are asked to guarantee the link spectrum efficiency and not reduce the performance of the accessed link. It is observed that the object function Eq. 14 is nonconvex [12] . We consider the two scenarios of high and sparse density. In the high-density scenario, we consider a dynamic adjustment algorithm based on the retention probability to search the transient optimal offloading. In the sparse-density scenario, the object function Eq. 14 can be transformed into a convex function and obtain the optimal offloading.
A. DYNAMIC ADJUSTMENT ALGORITHM OF HIGH-DENSITY D2D
A high-density D2D scenario will cause serious co-channel interference. Consequently, the link spectrum efficiency will be broken seriously. As a result, guaranteeing the link spectrum efficiency is critical. The object function can be transformed into
where the constraint of Eq. 14 is still retained invariably. In the traditional hexagonal structure, increasing a pair of D2D links is equivalent to a 1 N adjustment of the retention probability, where N is the number of D2D links in a single cell. Although the retention probability decreases the co-channel interference with the same RAT, it constrains the number of offloads among different RATs. The algorithm is depicted in Algorithm 1.
Algorithm 1 Dynamic Adjustment Offloading Algorithm (DAOA)
Step 1: The initial retention probability is θ i = 0, and set
Step 2: Accept the requirement of the D2D link, θ i = θ i + θ step .
Step 3: Obtain Max{η i (θ i λ d )}.
Step 4:
Step 1: In the system initialization phase, the BS monitors the D2D requirement, and the retention probability θ i of typical RAT i is assumed to be 0. According to the cell area of hexagonal structure with density λ b , the increasing step θ step of the retention probability is 1 N .
Step 2: When the D2D requirement is captured at the BS, the BS uses the step θ step to increase the retention probability of each RAT.
Step 3: Based on step 2, according to Eq. 5, the BS predicts the maximum link spectrum efficiency of all of the RATs.
Step 4: if the maximum link spectrum efficiency obtained through step 3 follows constraint (14f), the SINR i of typical RAT i follows constraint (14e), RAT i is appointed to establish D2D communications, and the retention probability of any other RAT j (j = i) is resumed by skipping step θ step . Conversely, if constraints (14f) and (14e) are not satisfied at least once, the retention probabilities of all of the RATs are resumed and no RAT can be used.
Proposition 1: Based on the DAOA, the vector θ (θ 0 , · · · , θ M ) is Pareto optimal.
Proof:
, which shows that η i is a decreasing function with respect to θ i . In practice, as θ i increases, more D2D links can access the heterogeneous network of cellular and D2D communications, which implies that the link spectrum efficiency η i will be reduced. 2) Step 3 exploits a greedy way to choose the highestperformance-available RAT. 3) Consider the constraint conditions SINR i ≥ β and
1) When |θ| < 1 and | · | denotes the order norm of the vector, each RAT has reached the saturation state. As a result, it is impossible to establish a new D2D link and not influence the accessed link performance. Thus, the vector θ is Pareto optimal at this time [27] . 2) If |θ | = 1, then all of the D2D links are established successfully; hence, there is no new link to make the Pareto improvement. Thus, the vector θ is still Pareto optimal at this time. Proof completed.
B. OPTIMIZATION OF A SPARSE-DENSITY D2D
In a sparse-density D2D, the co-channel interference will be weakened due to the sparsity, which is the result of spatial segmentation. At this time, the link spectrum efficiency is almost maintained as a constant, and the object function can be updated for
We propose Algorithm 2 to optimize sparse-density D2D communications.
Algorithm 2 Sparse-Density Optimization Offloading Algorithm (SDOOA)
We have the initial retention probability θ i , and set
Firstly, the retention probability is initialized according to the convexity of Eq. 16, where constraint (16g) can guarantee the usability of RAT i. The RAT possessing the maximum η i (λ d ) takes precedence at that time. If constraint (16f) is followed, RAT i is selected, and otherwise other RATs have to be reconsidered. The rule of switching among RATs is still based on the maximum of η j =i (λ d ) and constraints (16f) and (16h). Note that the retention probability must be adjusted (θ i = θ i −θ step indicates that RAT i is used, and θ j = θ j +θ step indicates that RAT j is selected) if the RAT is switched.
Proposition 2: using the SDOOA algorithm, the offloading scheme can achieve optimization under the condition of sparse density.
Proof: After combining with constraint condition (16c), the function can be constructed for
where µ i is the Lagrange factor. Naturally,
Eq. 17 is reformulated for
, (19) which shows that the object function Eq. 17 is the increasing function of the difference
The SDOOA algorithm implements the offloading through the condition Max{η j =i (λ d ), which can always guarantee the maximum difference. Thus, the SDOOA can achieve optimization under the condition of sparse density.
Proof completed. The offloading scheme is classified into two cases that refer to both high and sparse density. In the high-density case, the co-channel interference is serious, and the link spectrum efficiency is sensitive to any change of the terminal density. Through adjustments to the allocation of the terminal density among different RATs, the serious co-channel interference is abated efficiently and the link spectrum is guaranteed to be efficient and to not break down critically. When the density is sparse, the link spectrum efficiency is not easily debased. In fact, the inherent large-scale fading will enlarge the fading of the co-channel interference if the terminal density is sufficiently sparse. Thus, the case of sparse density does not need to consider the influence on η i . Note that we introduce some constraints based on the stochastic geometry in the offloading scheme, which can play a prediction role that prevents the new link from breaking the performance of the accessed links. In addition, the prediction effect can reduce the process of re-offloading accessed links, which makes the NP problem restrained.
IV. SIMULATION AND NUMERICAL RESULTS
Based on the basic simulation parameters shown in Table 1 (the parameters are used by default without any special statements), we observe the performance of multi-RATs D2D links and their influence on cellular links. In Table 1 , it is noted that LP 1.9 denotes the power of the RAT with the licensed spectrum (1.9 GHz), ULP 2.4 is the power of the RAT in 2.4 GHz, and ULP 5.8 is the power of the RAT in 5.8 GHz. Similarly, DR 1.9 denotes the communication range of D2D links within the licensed spectrum, DR 2.4 denotes the communication range of D2D links within the 2.4 GHz spectrum, and DR 5.8 denotes the communication range of D2D links within the 5.8 GHz spectrum. Lastly, N 0 is the noise power spectrum density.
Observe the performance of the coverage probability of each RAT in Fig. 3 , where the starred solid line is the coverage probability of the 5.8 GHz RAT and the solid triangle line corresponds to the 2.4 GHz RAT. The solid circle line is of the licensed spectrum. We find that although the RAT using the licensed spectrum has the lowest performance, it has the longest transmission distance. Different RATs will achieve higher performance as the link distance is shortened. Moreover, Fig. 3 also shows that D2D communications are available but the communication range must follow the proximate feature. To guarantee the usability of all of the RATs in multi-RATs mode, DR 5.8 is considered the maximum link distance. The performance is enhanced tremendously, as shown in Fig. 4 . Due to the channel inversion principle, the LS (licensed spectrum) RAT can reduce the co-channel interference as the link distance is lowered. However, the performance is still slightly less than the other RATs with the unlicensed spectrum, as ρ 0 = ρ j is assumed, which will maintain the strength of the co-channel inference. In the adequate short communication range (30 m), the coverage probability of the 5.8 GHz RAT is almost the same as that of the 2.4 GHz RAT, which shows that the unlicensed spectrum RATs can be considered uniformly when the communication range is sufficiently small. On the basis of the limited range with DR 5.8 , the offloading scheme is analyzed as shown in Fig. 5 , and the D2D density is raised 20 times. We ignore the factor of SINR and only consider the link spectrum efficiency to be influenced by the retention probability |θ | in the DAOA algorithm in Fig. 5 . Thus, we employ a macroscopic view to analyze the contribution of each RAT. Although the SINR is not considered temporarily, our analysis also shows the three key effects. 1) The offloading scheme based on the DAOA algorithm will initially occupy the best-performance RAT.
2) Compared to the corresponding link spectrum efficiency without the DAOA algorithm, the performance of each RAT is enhanced due to the reduction of the number of D2D links in the corresponding RAT by the offloading. 3) The SINR will be used to decide which RAT can be occupied when the performance of the different links is the same, i.e., at the coincident time of DAOA ULS 5.8 GHz and DAOA ULS 2.4 GHz. 6 displays the simulation result using the DAOA algorithm with the factor of SINR. It is obvious that the simulation lines become more jittery. Actually, Fig. 6 is a transient simulation result because the SINR is the transient response of the channel state. The offloading scheme of the DAOA algorithm chooses the RAT with the best link spectrum efficiency as the initial desired RAT, then it determines whether the RAT is available according to the SINR. If a typical RAT is chosen, its retention probability is accumulated, and the new link spectrum efficiency will be adjusted following the change of the retention probability. Two extreme cases are considered: 1) offloading always occupies a typical RAT, the retention probability accumulates at 1, and the link spectrum efficiency of M-RATs is equal to the typical RAT.
2) The transient SINR cannot be more than any communication threshold of the typical RAT due to random interference; however, the performance of the conventional D2D link is also lowered if the SINR cannot be satisfied with the communication threshold. Thus, in the multi-RATs mode, the lower bound of the link spectrum efficiency with the DAOA algorithm will coincide with best performance of any RAT without the DAOA if the common communication threshold is set.
The SDOOA algorithm is aimed at D2D links with sparse density, which does not improve the link spectrum efficiency of a typical link. However, it shows the contributions of different RATs. As shown in Fig. 7 , theoretically, the RAT with the higher link spectrum efficiency should take preference; thus, the 5.8 GHz RAT contributes to the full link spectrum efficiency. If the SINR cannot be greater than the communication threshold due to some abrupt interference, we will observe a decline in the contribution of the typical RAT. To spotlight the effect of the SDOOA algorithm, we set the communication thresholds of the 5.8 GHz spectrum, the 2.4 GHz spectrum, and the licensed spectrum to be 20 dB, 15 dB, and 10 dB, respectively. The decrease of the 5.8 GHz line and the increase of the 2.4 GHz line indicate that different RATs can converge to each other and that the RAT with the licensed spectrum will require fewer resources as the contributions of other RATs increase. Finally, the gains in performance of the cellular links with the reused mode are displayed in Fig. 8 and Fig. 9 . Fig. 8 explains the enhancement of the coverage probability of the cellular links. The co-channel interference from the D2D links is very serious when the range of the D2D link communications reaches 500 m (the starred line). By limiting the distance of the D2D link, the co-channel interference on the cellular links can be reduced effectively (the dashed line with the range of 30 m and density of 10 π500 2 ). However, this limitation does not generate higher enhancement with respect to the coverage probability when the retention probability is decreased (the dashed and starred line with a range of 30 m, a density of 10 π500 2 and |θ| = 0.4), which means the co-channel interference from the D2D links with lower density does not break the performance of the cellular links if the link distance of the D2D communications is short enough. When the density of the D2D terminals increases ( 100 π500 2 ), the performance of the cellular links will be influenced seriously (the dashed triangle line). Furthermore, the adjustment of the retention probability will clearly improve the performance of the cellular links (the solid triangle line with retention probability 100 π500 2 ). Fig. 9 displays the link spectrum efficiency of the cellular links under different D2D terminal densities. As the retention probability increases, the link spectrum efficiency will be reduced until it reaches a saturation state (|θ | = 1). Moreover, we find that the D2D links with long distances are more sensitive to the adjustment of the retention probability (the solid circle line).
According to the simulation and numerical results above, the offloading scheme can improve the performance of heterogeneous networks of D2D and cellular communications effectively. The D2D communications of the multi-RATs mode can develop the advantage of multiple RATs that employs offloading while guaranteeing a high available terminal density and a high link spectrum efficiency with lower co-channel interference.
V. CONCLUSION
In this paper, the offloading scheme based on multi-RATs D2D communications is proposed. In the multi-RATs D2D communications, the D2D terminals are integrated with multiple RATs, and the D2D links are established by any available RAT between the transmitter and the receiver. This setup implies that the available D2D terminal density can be afforded by different RATs together, and the offloading can achieve the effects of high density, high link spectrum efficiency, and lower co-channel interference. Depending on the stochastic geometry framework, the offloading scheme is formulated for the maximum-link-spectrum-efficiency function with the participation of the retention probability, VOLUME 5, 2017 which is a non-convex function restrained by a series of typical constraints. Given the limit of the available D2D terminal density, the non-convex problem is transformed into two convex problems that refer to both high and sparse density. High density is a limited-interference scenario, and the optimum density allocation is achieved by offloading in which the communication scenario of the D2D link must be predicted and protected by the performance function of stochastic geometry before the new D2D link is established. The scenario of sparse density possesses more advantages for the establishment of D2D links, as the sparse characteristic causes less interference with the co-channel links. Finally, by comparing the simulation and numerical results with the traditional D2D communications without exploiting offloading, the advantages of the offloading scheme are confirmed, and the performance of the cellular links in reused mode are also significantly improved as the retention probability is adjusted. 
